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(57) ABSTRACT 

A local system encodes previously decoded video data using 
a transcoding quantization value based on a source quanti 
Zation value provided by a previous encoder as part of the 
retrieved video data. The transcoding quantization value can 
be determined additionally based the fullness of the video 
buiTer of a target system, Where a measure of the fullness can 
be obtained directly from the target system or modeled by 
the local system. The video data is encoded by the local 
system and then provided to a target system for decoding 
and subsequent display and/or storage. 
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METHOD AND SYSTEM FOR RATE CONTROL 
DURING VIDEO TRANSCODING 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The present application is a continuation of US. 
patent application Ser. No. 09/990,737 (Docket No. 
VIXS.01000130/1459-VIXS013) ?led on Nov. 21, 2001 and 
entitled “METHOD AND SYSTEM FOR RATE CON 
TROL DURING VIDEO TRANSCODING,” the entirety of 
Which is incorporated by reference herein. 

FIELD OF THE DISCLOSURE 

[0002] The present disclosure relates generally to rate 
control for the transcoding of pre-encoded digital video and 
more particularly to e?iciently calculating quantization 
parameters based on the information extracted from the 
pre-encoded video to achieve a target bit rate. 

BACKGROUND 

[0003] One common concern When transmitting pre-en 
coded video data is hoW to adapt pre-encoded video into 
communication channels that have different bandwidths. 
Most of the pre-encoded video streams are encoded With 
very high bit rates to ensure high-quality video. Transmitting 
such high bit rate video streams is usually expensive and 
sometimes infeasible since the communication channel can 
not provide enough bandWidth. A common approach to 
reduce a pre-encoded video bit rate is to decode the video to 
generate raW pixel data ?rst, and then re-encode the raW 
pixel data at a different bit rate. HoWever, this method of 
simple re-encoding is expensive in terms of complexity and 
cost, and may introduce a delay resulting from the frame 
reordering. It needs one decoder and one fully functional 
encoder to re-encode video data. Furthermore, since the 
encoder needs to perform a motion search again and make 
neW encoding decisions (e.g. picture coding types, macrob 
lock modes and quantization parameters) based on the 
decoded data, the video quality generally Will degrade 
signi?cantly, in an effect knoWn as generation loss or 
cascade coding loss. 

[0004] Another approach to reduce pre-encoded video bit 
rates is to use a transcoding system that reuses some of the 
original coding decisions. HoWever, if such a transcoding 
system uses one or more traditional rate control algorithms, 
such as the motion pictures experts group-2 test model 5 
(MPEG2 TMS) rate control algorithm, the quality of the 
transoded video generally Will still suffer from degradation 
due to a number of factors. One factor is a potential 
difference betWeen the rate control parameters used by the 
source system and those used by the transcoding system. 
Another factor is the presence of impairments, such as 
quantization loss, in the original pre-encoded streams that 
are not considered by the transcoding system. Additionally, 
the algorithms used by these types of transcoding systems 
are computational expensive and ine?icient because they 
often need prior knowledge of the coding type of a group of 
pictures, and this information may not be available before 
hand. Furthermore, a large buffer is often utilized to extract 
this information, and a large processing delay can be intro 
duced. These common transcoding systems also may need to 
calculate an activity indication of every macroblock in a 
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picture, and often need feedbacks from the entropy encoding 
module for every macroblock. 

[0005] Given these limitations, as discussed, it is apparent 
that an improved rate control method for transcoding of 
pre-encoded video data Would be advantageous. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Various advantages, features and characteristics of 
the present disclosure, as Well as methods, operation and 
functions of related elements of structure, and the combi 
nation of parts and economies of manufacture, Will become 
apparent upon consideration of the folloWing description 
and claims With reference to the accompanying draWings, all 
of Which form a part of this speci?cation. 

[0007] FIG. 1 is a block diagram illustrating a system for 
providing video content according to at least one embodi 
ment of the present disclosure; 

[0008] FIG. 2 is a block diagram illustrating an encoder to 
determine a transcoding quantization value based on a 
source quantization value according to at least one embodi 
ment of the present disclosure; 

[0009] FIG. 3 is a block diagram illustrating an applica 
tion of a quantization ratio to a quantization matrix to 
modify the values of the quantization matrix; 

[0010] FIG. 4 is a How diagram illustrating a method for 
transcoding video content according to at least one embodi 
ment of the present disclosure; and 

[0011] FIG. 5 is a How diagram illustrating a method for 
determining a quantization ratio according to at least one 
embodiment of the present disclosure. 

DETAILED DESCRIPTION OF THE FIGURES 

[0012] In accordance With at least one embodiment of the 
present disclosure, a quantization value for a source mac 
roblock is received and a quantization value for a destination 
macroblock is determined based on the source quantization 
value and an expected amount of data in a video bulfer. One 
advantage of the present disclosure is that buffer size is 
minimized since buffering of more than one video picture to 
determine the bit allocation is not needed. Another advan 
tage is that bulfer over?oW and/ or under?oW can be avoided. 
Yet another advantage is that less effort is required to 
pipeline of macroblocks since quantization parameters for 
an entire picture can be determined in advance. An addi 
tional advantage is that video quality is improved due to a 
more accurate estimation of the output bit rate. 

[0013] FIGS. 1-5 illustrate a system and a method for 
e?icient rate control of pre-encoded video content. In at least 
one embodiment, a local encoder of a local system encodes 
previously decoded video data using a transcoding quanti 
zation value based on a source quantization value provided 
by a previous encoder as part of the retrieved video data. The 
video data is encoded by the local system and then provided 
to a target system for decoding and subsequent display 
and/or storage. In at least one embodiment, the transcoding 
quantization value is determined by taking a ratio of the 
source quantization value to a quantization ratio, Where the 
quantization ratio is based on one or more factors, such as 
transcoding options (the scaling factors that control the 
output video resolution and/or the frame dropping ?ag, for 
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example), bit budget and bit consumption status, and/or 
characteristics of the video bulfer of the target system. The 
characteristics of the video bulfer can include a fullness of 
the video bulfer and/ or a bulfer delay that indicates hoW long 
until a bu?fered frame be decoded and removed by the target 
system. In one embodiment, the characteristics of the video 
bulfer are obtained directly from the target system, and 
therefore represent the actual characteristics. In another 
embodiment, the characteristics of the video bulfer are 
modeled by the local system, such as by modeling a Video 
Bu?cering Veri?er (V BV) bulfer, and therefore represent 
expected characteristics. The characteristics of a VBV bulfer 
can be modeled at the local encoder by comparing the 
amount of video data sent by the local system for input to the 
video bulfer of the target system With the amount of data 
being output from the video bulfer at a knoWn frame rate. 

[0014] Referring noW to FIG. 1, video system 100 is 
illustrated according to at least one embodiment of the 
present disclosure. Video system 100 includes source system 
101, local system 110, communication medium 155, and 
target system 160. Local system 110 includes memory 120, 
source bulfer 125, local decoder 130, frame bulfer 140 and 
local encoder 150. In at least one embodiment, local system 
110 includes a transcoding system for transcoding video data 
from source system 101. Accordingly, local system 110 is 
referred to herein as transcoding system 110 Which, in one 
embodiment, can include features similar to those described 
in pending patent application having attorney docket number 
VIXS.0100120 ?led concurrently and entitled “SYSTEM 
AND METHOD FOR MULTIPLE CHANNEL VIDEO 
TRANSCODING”, Which is herein incorporated by refer 
ence. Reference to transcoding system 110 also applies to 
other embodiments of local system 110 unless otherWise 
noted. LikeWise, local encoder 150 and local decoder 130 
are herein referred to as transcoding encoder 150 and 
transcoding decoder 130 respectively. Target system 160 
includes target decoder 170, display 180 and/or storage 190. 
In at least one embodiment, transcoding system 110 repre 
sents a video transcoder. In this case, transcoding system 110 
decodes source video data 105 received from source system 
101 and transcodes the decoded source video data 105 into 
target video data 165, Where target video data 165 can have 
different properties than source video data 105, such as a 
different frame rate, a different bit rate, a different resolution, 
and the like. Target video data 165 is provided to target 
system 160 Where it can be decoded and displayed and/or 
stored for later retrieval. 

[0015] Generally, source video data 105 can include video 
data compressed and/ or encoded using one of a variety video 
encoding/compression formats. For example, in one 
embodiment, source video data 105 includes video data 
encoded using a Motion Pictures Experts Group (such as 
MPEG-2) format. Received source video 105 is stored in 
transcoding system 110, such as in source bulfer 125, and 
then retrieved by transcoding decoder 130 for decoding. The 
output of transcoding decoder 130 can be stored in frame 
bulfer 140. Source coding information associated With the 
decoding of source video data 105, such as quantization 
values and motion vectors associated With macroblocks of 
source video data 105, can be sent to transcoding encoder 
150 as needed. Source bulfer 125 and frame bulfer 140, in 
one embodiment, are implemented in memory 120 as illus 
trated in FIG. 1. Memory 120 can include one or more of 
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random access memory (RAM), cache, disk storage, and the 
like, and may include a frame bulfer. 

[0016] Transcoding encoder 150, in one embodiment, 
re-encodes the decoded output of transcoding decoder 130 
stored in frame bulfer 140 into target video data 165 that can 
have different characteristics than source video data 105, 
such as a different resolution, frame rate, bit rate, and the 
like. For instance, transcoding encoder 150 can alter the 
frame rate by dropping frames. For example, source video 
data 105 can be encoded to have a frame rate of 60 
frames/second (fps) While a user indicates a desired a frame 
rate of 30 fps for target video data 165. In this case, 
transcoding encoder 150 can encode every other source 
frame stored in frame bulfer 140 for inclusion as target video 
data 165. Transcoding encoder 150 then provides target 
video data 165 to target system 160 via communication 
medium 155. Communication medium 155 can include a 
Wireless medium, a physical medium, or a combination 
thereof. 

[0017] Target video data 165, in at least one embodiment, 
is stored in target video bulfer 175 before it is decoded at 
target system 160. Target decoder 170 can retrieve target 
video data 165 from target video bulfer 175 and decode it for 
display on display device 180, Where display device 180 can 
include one of a variety of display devices, such as a 
television, computer monitor, and the like. Alternatively, 
target video data 165 can be stored in its encoded and/or 
decoded form in storage 190. Storage 190 can include a 
variety of storage devices, such as a hard disk, a digital 
versatile disc (DVD) Writer, a memory stick, and the like 

[0018] Ideally, the bit rate of source video data 105 is less 
than the data transmission rate of communication medium 
155, and the transcoding system 110 can be bypassed. 
HoWever, it Will be appreciated this ideal scenario is unlikely 
to occur in many circumstances. For example, a typical 
HDTV stream is encoded at 18.2 M bit/second (bps), While 
a digital subscriber line (DSL) generally can provide only a 
1 Mbps to 3 Mbps channel bit rate. For Wireless communi 
cations, the difference betWeen the desired bit rate and the 
available bit rate is even more pronounced and the channel 
bandWidth may vary from time to time. In such cases, 
transcoding system 110 can be utiliZed to adapt the bit rate 
of target video data 165 to the channel bit rate of commu 
nication medium 155. While changing the source video bit 
rate to the target video bit rate, the rate control module of 
transcoding system 110 often needs to control the data siZe 
of each transcoded frame to avoid over?oW or under?oW of 
video bulfer 175 of target system 160. 

[0019] Ideally, the input data rate to video buffer 175 
Would equal the output data rate from video bulfer 175, 
resulting in Zero net change in the fullness of video bulfer 
175. HoWever, it Will be appreciated this ideal scenario is 
unlikely to occur in many video systems. For one, it is 
unlikely that the frames being transmitted are the same siZe. 
For example, according to the MPEG standard, encoded 
frames can include I-frames, B-frames, and P-frames, each 
generally having a signi?cantly different data siZe. For 
example, because I-frames are intra-encoded and can there 
fore be decoded from only the data included in the I-frame, 
they are generally represented by more data than P-frames 
and B-frames, Which can use prediction data from previous 
and/or future frames during decoding. LikeWise, frames of 
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the same type can often have different amounts of data due 
to the content of the frame and the quantization parameters. 
For a constant data rate communication channel, the trans 
mission time of a frame is proportional to its size; larger 
frames take longer time to transmit and smaller frames take 
shorter time to transmit. As a result, the number of frames an 
encoder can send to the target decoder video bulfer per 
second Will vary due the variation of encoded frame data 
size, While the target decoder Will decode and display video 
at a ?x frame rate, resulting in an increase or decrease in the 
number of frames and/or the amount of data in the video 
bulfer. 

[0020] Accordingly, the rate control module in a transcod 
ing system controls each encoded video frame size so that 
the average bit rate equal to the channel data rate and the 
video buffer 175 of target system 160 Won’t over?ow or 
under?oW. This is achieved by increasing or reducing the 
amount of data used to represent frames of target video data 
165 based on under?oW or over?oW concerns of video buffer 

175. For example, in one embodiment, data is transmitted 
over communication medium 155 at a relatively constant 
data transmission rate in order to utilize fully the bandWidth 
of communication medium 155. In this case, the amount of 
data representing the encoded frames of target video data 
165 can be increased to reduce the number of frames 
transmitted over a certain time period. Because target 
decoder 170 decodes video at a ?xed frame rate, the larger 
the frame size, the faster the decoder removing data from 
video buffer 175. In other Words, by controlling the frame 
data size, the rate control actually controls hoW fast data is 
removed from a buffer. If data is removed too fast compare 
to the channel data rate, bulfer under?oW occurs, inversely, 
bulfer over?oW occurs. The purpose of a rate control module 
is to make the average output data rate equal to the channel 
data rate, Which is the input data rate of the video buffer 175. 
The rate control module is discussed in greater detail With 
reference to FIG. 2. 

[0021] In at least one embodiment, the amount of data 
associated With a frame is increased or reduced by modify 
ing the quantization values of a quantization matrix used to 
quantize the output of a discrete cosign transform (DCT) 
module of transcoding encoder 150. By increasing the 
quantization values, more zeros are likely to occur in the 
quantized output, and by decreasing the quantization value, 
feWer zeros are likely to occur. The amount of data is 
generally increased or decreased based on the number of 
zeros as a result of a compression operation of an encoder, 
such as a run-length encoder or variable length encoder on 
the quantized output. In at least one embodiment, the 
quantization value used to quantize a certain macroblock is 
determined by transcoding encoder 150 based on the previ 
ous quantization value used to quantize the macroblock 
received from the source and the ratio betWeen the source 
data rate and the target data rate. Additionally, the quanti 
zation value can be adjusted according to one or more 
transcoding options and the expected fullness of the target 
video bulfer, Where the expected fullness is determined 
using a hypothetical decoding bulfer (eg a VBV buffer) or 
from fullness information obtained from the target system. 
Methods to determine the quantization value used to quan 
tize elements of a destination macroblock or a frame are 

discussed in greater detail subsequently. 
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[0022] Referring noW to FIG. 2, transcoding encoder 150 
is illustrated in greater detail according to at least one 
embodiment of the present disclosure. Transcoding encoder 
150 includes motion compensation module 200, discrete 
cosine transform (DCT) module 210, monitoring module 
220, estimation module 230, rate control module 240, quan 
tizer 250, and variable length encoder 260. Elements of 
transcoding encoder 150 can be implemented as softWare, 
hardWare, ?rmware, or a combination thereof. 

[0023] Recall that, in one embodiment, transcoding 
encoder 150 modi?es the amount of data associated With a 
frame by modifying the source quantization value, used by 
the transcoding system to dequantize the source video data, 
to generate a transcoding quantization value. DCT module 
210 performs a discrete cosine transform on a macroblock of 
the decoded and motion compensated source video data 
(only residual data for inter macroblocks) provided by 
motion compensation module 200. Quantizer 250 then per 
forms a quantization operation on the output of DCT module 
210 using the transcoding quantization value. The output of 
quantizer 250 is provided to variable length encoder (VLE) 
260, Where a run-length and/or variable-length encoding is 
performed on the output of quantizer 250. The output of 
VLE 260 can then be buffered, multiplexed and/or trans 
mitted to a target decoding system, such as target system 160 
of FIG. 1. By modifying the quantization value, the amount 
of data associated With a certain macroblock and/or frame 
can be increased or decreased as needed, as discussed 
previously. 
[0024] In at least one embodiment, the transcoding quan 
tization value used by quantizer 250 is provided by rate 
control module 240. One method employed by rate control 
module 240 to determine the transcoding quantization value 
based on a ratio betWeen the source quantization value and 
a quantization ratio. This is shoWn by the folloWing equa 
tion: 

[0025] Where trcQ is the transcoding quantization value, 
srcQ is the source quantization value, and qRatio is the 
quantization ratio. The initial value for the quantization ratio 
(qRatioInit), in one embodiment, is set to the transcoding 
ratio (trcRatio), Which is the ratio betWeen the target bit rate 
(tgtBitRate) and the source bit rate (srcBitRate), shoWn by 
the folloWing equation: 

lglBilRale 
qRalioInil: trcRatio : _— 

srcBzlRale 

[0026] In at least one embodiment, quantization ratio 
generator 241 determines the quantization ratio based on the 
initial quantization ratio, transcoding options and the status 
of the target video bulfer. Quantization ratio generator 241 
generally attempts to achieve the target bit rate While main 
taining correct target bulfer fullness and to avoid allocating 
more bits than necessary to the impaired video data. The 
operation of quantization ratio generator 241 is discussed in 
greater detail With reference to FIG. 5. 
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[0027] Monitoring module 220, in one embodiment, emu 
lates and the video buffer of the target system using a local 
model of the target video buffer, such as a VBV buffer 
model, to determine an expected characteristic of the target 
video buffer. The value representing the characteristic, such 
as VBV delay to represent fullness, is provided to rate 
control module 240. Monitoring module 220 can set the start 
fullness of the VBV buffer model to a certain percentage of 
the VBV buffer size (i.e. 75%+/—0.l0), and set the initial 
VBV delay of the ?rst transcoded frame to re?ect the start 
fullness of the VBV buffer. After transcoding a frame, 
monitoring module 220 updates the VBV buffer status by 
decreasing the same data amount represented by the 
transcoded frame from the VBV buffer fullness value, and 
calculates the VBV delay for the next picture according to 
the neW buffer fullness value. Alternatively, in one embodi 
ment, modeling module 220 sets the fullness and/or the 
buffer delay to its maximum value to indicate that the video 
being transcoded is a variable bit rate (VBR) stream. In this 
case, the data size of every frame is modi?ed proportionally 
and the bit rate pro?le is the same as the input stream. 

[0028] Rather than model or emulate the expected fullness 
of the target video buffer, in one embodiment, monitoring 
module 220 directly determines the fullness or the buffer 
delay of the video buffer. For example, monitoring module 
220 can periodically poll a control module that controls the 
behavior of the video buffer to obtain the fullness of the 
video buffer. For instance, the control module can return the 
address value of the most recently stored data in the video 
buffer. This address value can then be used to determine the 
fullness of the video buffer. For example, the address values 
of the video buffer can include a linearly increasing 
sequence of addresses, such as from 0 to 99, Where data is 
stored starting at address 0. In this case, by returning an 
address value of 74, then it can be assumed that the video 
buffer is around 75% full ((74+l)/(99+l)). Other methods of 
determining the fullness or buffer delay of a video buffer can 
be used Without departing from the spirit or the scope of the 
present disclosure 

[0029] Transcoding decoder 130 (FIG. 1), in one embodi 
ment, provides the source quantization value to rate control 
module 240 for generation of the transcoding quantization 
value. In one embodiment, transcoding decoder 130 extracts 
the source quantization value from the stored source video 
data. In another embodiment, rate control module 240 has 
access to a table of quantization values, Where the source 
quantization values are provided by the source system to 
decode. The source quantization value can include a single 
quantization scale value that is applied to each element of a 
DCT coefficient matrix, or a matrix of quantization values 
corresponding to the DCT coef?cient matrix. 

[0030] Referring to FIG. 3, the effect of various quanti 
zation ratios applied to the source quantization value is 
illustrated according to at least one embodiment of the 
present disclosure. As discussed previously, transcoding 
quantization value 345 is determined by multiplying source 
quantization value 335 With quantization ratio 320, Where 
quantization ratio 320 is generated by quantization ratio 
generator 241. As discussed previously, the source quanti 
zation value 335 may be a combination of a quantization 
scale value that is applied to each element of a DCT 
coef?cient matrix and a matrix of quantization values cor 
responding to the DCT coef?cient matrix. 
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[0031] As illustrated With transcoding quantization matrix 
331, the application of a quantization ratio 320 of 0.6 to 
source quantization matrix 310 generates transcoding quan 
tization matrix 331 having transcoding quantization values 
345 greater than or equal to the corresponding source 
quantization values of source quantization matrix 310. Alter 
natively, applying a quantization ratio 320 of 1.5 results in 
destination matrix 332 having transcoding quantization val 
ues 345 less than or equal to the corresponding quantization 
values of source quantization matrix 310. It Will be appre 
ciated that usually higher the quantization matrix value 
results in a quantized DCT coef?cient matrix having more 
zeros than loWer quantization matrix value. The higher the 
quantization ratio, the smaller the quantization matrix, and 
hence the higher output bit rate. As a result, loWer quanti 
zation ratio can be used to decrease the amount of data 
associated With a DCT coefficient matrix, While higher 
quantization ratio can be used to increase the amount of data. 

[0032] Referring to FIG. 4, a method for ef?cient control 
the bit rate for a transcoding system, is illustrated according 
to at least one embodiment of the present disclosure. Method 
400 initiates With step 410 Where initial quantization ratio is 
calculated as discussed previously With reference to FIG. 2. 

[0033] In step 420, the quantization ratio to be applied to 
the source quantization value is determined or generated 
based on the initial quantization ratio calculated in step 410. 
In at least one embodiment, the quantization ratio is deter 
mined based on the bit budget consumption, transcoding 
options and the status of the target buffer, such as its 
expected fullness. Step 420 is discussed in greater detail 
With reference to FIG. 5. In step 430, the source quantiza 
tion value for a source macroblock of frame being processed 
is fetched. In step 440, the quantization ratio determined in 
step 420 is applied to the source quantization value to 
determine the transcoding quantization value. For example, 
rate control module 240 of FIG. 2, in one embodiment, takes 
the ratio betWeen the source quantization value and the 
quantization ratio to generate the transcoding quantization 
value. In other embodiments, the transcoding quantization 
value is determined by other means based on buffer fullness 
or buffer delay, such as by applying a non-linear function to 
the source quantization value When certain conditions are 
met. 

[0034] In step 450, the transcoding quantization value 
determined in step 440 is applied to a DCT coefficient matrix 
representing the selected macroblock of the frame to quan 
tize the DCT coef?cient matrix. In step 460, the quantized 
DCT coef?cient matrix is encoded, using run-length, vari 
able-length encoding, and the like. In step 470, the encoded 
DCT coef?cient matrix is output to subsequent systems. In 
step 480, steps 410-470 are repeated for some or all of the 
macroblocks of the frame being encoded. 

[0035] Referring next to FIG. 5, step 420 of method 400 
(FIG. 4) is illustrated according to at least one embodiment 
of the present disclosure. Step 420 initiates With sub-step 
510 Where the bit consumption is compared to the bit 
budget. If the bit budget is not equivalent to the bit con 
sumption, an attempt to match the average bit rate With the 
target bit rate (i.e. the channel bit rate) is made. In at least 
one embodiment, in order to compensate the error betWeen 
the bit budget and the actual bit consumption, the initial 
value is adjusted according to the equation: 
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[0036] If n<W, then W=n 

[0037] Where qRatio is the quantization ratio, qRatioInit is 
the initial quantization value determined in step 410 (FIG. 
4), bitUsed is the (i)th actual output frame size in bits, and 
W is the size of a moving WindoW and n is the number of 
frames that have been encoded. The typical value of W is 4 
to 12. The bit budget, bitBudget, is calculated by equation: 

bitBudget;=inBitcnti><trcRatio 

[003s] (EQ.5-515.2) 
Where inBitCnt is the (i)th input frame data size in bits, 
trcRatio is the transcoding ratio determined as discussed 
With reference to FIG. 2. 

[0039] In sub-step 520, transcoding options including drop 
frame and scale video are evaluated and compensated for in 
sub-step 525, if necessary. Compensation of scaling is done 
through the equation: 

qRatio=qRatio><(xscale’gyscale)Z 

[0040] (EQ.5-525.1) 
[0041] Where qRatio is the result of sub-step 510 and/or 
525, xscale is the ratio betWeen the input horizontal frame 
size and the output horizontal frame size, yscale is the ratio 
betWeen the input vertical frame size and the output vertical 
frame size, and Z is a constant less than 1. In at least one 
embodiment, Z is 0.75+/—0. 10. For example, assume that the 
input horizontal frame size is 704 pixels and the input 
vertical frame scale is 480 pixels, While the output horizontal 
frame size of the corresponding transcoded frame is 352 
pixels and the output vertical frame size is 240. In this case, 
xscale Would be 2 (704/352) and yscale Would be 2 (480/ 
240). Also, assume that Z is 0.75. In this case, the compen 
sation factor Would be approximately 2.83 (4 to the poWer 
of 0.75). 

[0042] The drop-frame ?ag, used to indicate a difference 
in frame display rates betWeen the source video data and the 
target video data, can also be checked in sub-step 520. For 
example, if the frame rate of the source video data is 60 fps 
and a user indicates a desired frame display rate of 30 fps for 
the target video data, then an average of one of every tWo 
frames must be dropped. If frames are dropped, compensa 
tion is done through the equation: 

[0043] Where qRatio is the result of the previous step and 
D is a constant larger than 1 and less than 2. In at least one 
embodiment, D is 1.2 for dropping every other frame. If no 
frame is dropped, sub-step 520 continues to sub-step 530. 

[0044] In sub-step 530, the fullness of the video buffer is 
compared to ?rst indicator value X and at sub-step 540 the 
fullness of the video buffer is compared to value X and the 
value of the quantization ratio is compared to the value of 
1.0. Recall that the fullness of the target video bulfer can be 
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determined by modeling the video bulfer, such as using a 
VBV bulfer model, or characteristics of the video bulfer can 
be obtained directly from the target system. If the buffer 
fullness is less than ?rst indicator value X and the value of 
the quantization ratio is greater than 1.0, then value of the 
quantization ratio is set to a constant value Y in step 535. In 
at least one embodiment, Y is 1.0. By setting the quantiza 
tion ratio to 1.0, the transcoding quantization value Will be 
the same as the source quantization value assuming no 
further modi?cation of the value of the quantization ratio. In 
one embodiment, the quantization ratio is set to 1.0 because 
When the buffer fullness falls beloW ?rst indicator value X, 
such as the buffer fullness falling beloW 75% of the maxi 
mum bulfer capacity, the video buffer is assumed to be 
Within desirable operating parameters, or at least not about 
to over?oW. 

[0045] If the buffer fullness is larger than ?rst indicator 
value X, then there is no further modi?cation to the quan 
tization ratio, this means the quantization level can be set as 
high as necessary (e.g. larger than 1.0) at sub-steps 515 
and/or 525 to avoid over?oW of the target video bulfer. 
Using quantization ratio larger than 1.0 means using quan 
tization matrix values smaller than the source quantization 
matrix value, this Will generally increase the transcoded 
frame size Without quality gain (i.e. bits are Wasted). So only 
When the target video buffer is risking over?oW, in on 
embodiment, Will quantization ratio alloWed to be higher 
than 1.0. For example, if the buffer fullness is greater than 
75% of its capacity, Which means the video bulfer may 
over?oW unless the output data rate of the video buffer is 
increase, Which can be accomplished by increase the data 
size of the folloWing frames. The data size of the folloWing 
frames, in one embodiment, can be increased by increasing 
the quantization ratio to generate a loWer-valued quantiza 
tion matrix, and consequently increase the frame data size. 
In sub-step 540, the fullness of the video buffer, is compared 
to a second indicator value Z. In one embodiment, second 
indicator value Z includes the value of 20%+/—1% of the 
maximum bulfer capacity of the video bulfer. If the value 
representing the fullness of the video bulfer falls beloW 
second indicator value Z, in one embodiment, the video 
buffer is considered to have a potential under?oW, and the 
value of the quantization ratio is modi?ed in sub-step 545. 
In one embodiment, a non-linear function is applied to the 
quantization ratio in sub-step 545, the non-linear equation as 
folloWs: 

Y’W 
qRatio : qRatio X X 777 

[0046] Where X is a ?rst constant value, Y is a second 
constant, W is a value representing the fullness of the video 
buffer, and Z is a third constant value. In one embodiment, 
X is 0.9, Y is 13000, and Z is 3000. In this case, if the 
previous value for the quantization ratio is 0.8 and the 
measured amount of data in the video bulfer (i.e. the fullness 
of the video buffer) is 9000, then the modi?ed value for the 
quantization ratio Would be 0.695. If the buffer fullness is 
above second indicator value Z, then it is assumed that the 
video buffer is Within desirable operating parameters. As a 
result of the modi?cation of the transcoding quantization 
value based on the fullness of a video buffer and the source 
quantization value used to quantize the source video data, 
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the size of the transcoded frames transmitted and stored in 
the video bulfer can be ef?ciently modi?ed to prevent 
over?ow and/or under?ow of the video bulfer. Note that the 
values of X, Y, Z have been empirically derived. However, 
various other values of X, Y, Z can be plugged into the 
equation to obtain different quantization ratios, and further 
approximation of the above equation can be done via 
numerical methods such as Taylor series or quadratic 
approximations to obtain comparable results, but any rea 
sonable close approximation of the base equation above or 
simpli?ed values of X, Y, Z to simplify computation are 
clearly varying implementations of the base quantization 
equation. 

[0047] The various functions and components in the 
present application may be implemented using an informa 
tion-handling machine such as a data processor, or a plu 
rality of processing devices. Such a data processor may be 
a microprocessor, microcontroller, microcomputer, digital 
signal processor, state machine, logic circuitry, and/or any 
device that manipulates digital information based on opera 
tional instruction, or in a prede?ned manner. Generally, the 
various functions, and systems represented by block dia 
grams are readily implemented by one of ordinary skill in 
the art using one or more of the implementation techniques 
listed herein. When a data processor for issuing instructions 
is used, the instruction may be stored in memory. Such a 
memory may be a single memory device or a plurality of 
memory devices. Such a memory device may be read-only 
memory device, random access memory device, magnetic 
tape memory, ?oppy disk memory, hard drive memory, 
external tape, and/or any device that stores digital informa 
tion. Note that When the data processor implements one or 
more of its functions via a state machine or logic circuitry, 
the memory storing the corresponding instructions may be 
embedded Within the circuitry that includes a state machine 
and/or logic circuitry, or it may be unnecessary because the 
function is performed using combinational logic. Such an 
information handling machine may be a system, or part of a 
system, such as a computer, a personal digital assistant 
(PDA), a hand held computing device, a cable set-top box, 
an Internet capable device, such as a cellular phone, and the 
like. 

[0048] In the preceding detailed description of the ?gures, 
reference has been made to the accompanying draWings that 
form a part thereof, and in Which is shoWn by Way of 
illustration speci?c embodiments in Which the invention 
may be practiced. These embodiments are described in 
sufficient detail to enable those skilled in the art to practice 
the invention, and it is to be understood that other embodi 
ments may be utilized and that logical, mechanical, chemical 
and electrical changes may be made Without departing from 
the spirit or scope of the invention. To avoid detail not 
necessary to enable those skilled in the art to practice the 
invention, the description may omit certain information 
knoWn to those skilled in the art. Furthermore, many other 
varied embodiments that incorporate the teachings of the 
invention may be easily constructed by those skilled in the 
art. Accordingly, the present disclosure is not intended to be 
limited to the speci?c form set forth herein, but on the 
contrary, it is intended to cover such alternatives, modi?ca 
tions, and equivalents, as can be reasonably included Within 
the spirit and scope of the invention. The preceding detailed 
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description is, therefore, not to be taken in a limiting sense, 
and the scope of the present disclosure is de?ned only by the 
appended claims. 

What is claimed is: 
1. A method comprising: 

receiving, at a ?rst device, a ?rst video data comprising a 
?rst quantization value associated With a ?rst macrob 
lock; 

decoding the ?rst video data to generate the ?rst macrob 
lock; 

determining a second quantization value based on the ?rst 
quantization value and a fullness of a video buffer of a 
second device; 

modifying the ?rst macroblock based on the second 
quantization value to generate a second macroblock; 

encoding the second macroblock to generate a second 
video data; and 

providing the second video to the second device. 
2. The method of claim 1, further comprising: 

determining the fullness of the video buffer. 
3. The method of claim 1, Wherein the fullness of the 

video bulfer comprises an actual fullness of the video buffer 
and Wherein determining the fullness of the video bulfer 
comprises receiving an indicator of the actual fullness of the 
video bulfer from the second device. 

4. The method of claim 3, Wherein the indicator comprises 
an address of the video buffer. 

5. The method of claim 1, Wherein the fullness of the 
video bulfer comprises an expected fullness of the video 
buffer and Wherein determining the fullness of the video 
bulfer comprises modeling, at the ?rst device, the expected 
fullness of the video buffer. 

6. The method of claim 5, Wherein modeling the expected 
fullness of the video buffer comprises determining a differ 
ence betWeen an input bit rate and an output bit rate of the 
video buffer. 

7. The method of claim 5, Wherein modeling the expected 
fullness of the video bulfer comprises modeling the expected 
fullness of the video bulfer using a VBV bulfer model. 

8. The method of claim 1, Wherein providing the second 
video data to the second device comprises providing the 
second video data for storage at the video buffer of the 
second device. 

9. The method of claim 1, Wherein providing the second 
video data to the second device comprises, Wirelessly trans 
mitting the second video data to the second device. 

10. The method of claim 1, Wherein determining the 
second quantization value comprises: 

increasing the ?rst quantization value in response to the 
buffer fullness being greater than a ?rst threshold; and 

decreasing the ?rst quantization value in response to the 
buffer fullness being less than a second threshold. 

11. The method of claim 10, Wherein increasing the ?rst 
quantization value comprises increasing the ?rst quantiza 
tion value by a ?rst ratio and Wherein decreasing the ?rst 
quantization value comprises decreasing the quantization 
value by a second ratio. 
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12. A transcoder comprising: 

an input to receive a ?rst video data comprising a ?rst 
quantization value associated With a ?rst macroblock; 

a decoder to generate the ?rst macroblock based on the 
?rst video data; 

a monitoring module to determine a fullness of a video 
bulfer of a destination device; 

a rate control module to determine a second quantization 
value based on the ?rst quantization value and the 
fullness of the video bulfer; 

a quantizer to generate a second macroblock based on the 
?rst macroblock and the second quantization value; 

a variable length encoder to generate a second video data 
based on the second macroblock; and 

an output to provide the second video data to the desti 
nation device. 

13. The transcoder of claim 12, Wherein the fullness of the 
video bulfer comprises an actual fullness of the video bulfer 
and the monitoring module is to determine the fullness of the 
video bulfer based on a fullness indicator from the destina 
tion device. 

14. The transcoder of claim 13, Wherein the fullness 
indicator comprises an address of the video bulfer. 

15. The transcoder of claim 12, Wherein the fullness of the 
video bulfer comprises an expected fullness of the video 
bulfer and the monitoring module is to determine the full 
ness of the video bulfer based on a modeling of the video 
bulfer. 

16. The transcoder of claim 15, Wherein the monitoring 
module is to model the expected fullness of the video bulfer 
based on a di?cerence betWeen an input bit rate and an output 
bit rate of the video bulfer. 

17. The transcoder of claim 15, Wherein the monitoring 
module is to model the expected fullness of the video bulfer 
using a VBV bulfer model. 

18. The transcoder of claim 12, Wherein the rate control 
module is to determine the second quantization value by: 

increasing the ?rst quantization value in response to the 
bulfer fullness being greater than a ?rst threshold; and 
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decreasing the ?rst quantization value in response to the 
bulfer fullness being less than a second threshold. 

19. The transcoder of claim 18, Wherein increasing the 
?rst quantization value comprises increasing the ?rst quan 
tization value by a ?rst ratio and Wherein decreasing the ?rst 
quantization value comprises decreasing the quantization 
value by a second ratio. 

20. The transcoder of claim 12, Wherein the output 
comprises a Wireless transmitter. 

21. A system comprising: 

an input to receive a ?rst video data comprising a ?rst 
quantization value associated With a ?rst macroblock; 

a decoder to decode the ?rst video data to generate the 
?rst macroblock; 

means for determining a second quantization value based 
on the ?rst quantization value and a fullness of a video 
bulfer of a destination device; 

a quantizer modifying the ?rst macroblock based on the 
second quantization value to generate a second mac 

roblock; 
an encoder to encode the second macroblock to generate 

a second video data; and 

an output to provide the second video to the destination 
device. 

22. The system of claim 21, further comprising: 

means for determining the fullness of the video bulfer. 
23. The system of claim 21, Wherein the fullness of the 

video bulfer comprises an actual fullness of the video bulfer 
and Wherein the means for determining the fullness of the 
video bulfer comprise means for receiving an indicator of 
the actual fullness of the video bulfer from the destination 
device. 

24. The system of claim 21, Wherein the fullness of the 
video bulfer comprises an expected fullness of the video 
bulfer and Wherein the means for determining the fullness of 
the video bulfer comprise means for modeling the expected 
fullness of the video bulfer. 


